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Yield traitsAbstract Knowledge of gene actions and their relative contribution in expression of characters is
of great importance. Therefore, four crosses were made among the six parents viz., Doli-5  GBL-1
(cross 1), Doli-5  KS-331 (cross 2), Pusa Uttam  KS-331 (cross 3) and AB 07-02  GOB 1 (cross
4) to study gene actions responsible for inheritance of twelve fruit yield traits. The generation mean
analysis in six populations revealed signiﬁcant digenic interactions for all the characters in majority
of the crosses studied. Character-cross combination revealed the adequacy of simple additive dom-
inance model for plant height (in cross 1), primary branches per plant (in cross 2), secondary
branches per plant (in cross 3), fruit length (in cross 2), fruit girth (in cross 3) and pedicel length
(in cross 3) indicating the absence of non-allelic interactions. Most of the crosses for all the yield
traits showed low magnitude of dominance and environmental variances, revealing higher heritabil-
ities. Duplicate epistasis effects controlled all traits in different cross-combinations suggesting the
mild selection intensity in the earlier generations while intense in later generations. However, in
few cases average dominance ratio was more than unity indicated the importance of dominance
gene effects. These results indicated that for eggplant improvement, additive variation is of great
importance and makes it possible to successfully select better individuals in segregating populations,
since the selective gains will depend only on gametic variation. For this reason, backcross, pedigree,
single-seed descent or gametic selection methods are recommended for advancing the segregating
populations.
 2016 Production and hosting by Elsevier B.V. on behalf of Faculty of Agriculture, Ain Shams
University. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/).Introduction
Brinjal (Solanum melongena L., 2n= 24), known as eggplant,
originated from India and consumed extensively worldwide. In
India, it is one of the most common and popular vegetables
grown throughout the country except higher altitudes. It con-
tains a higher content of free reducing sugars, anthocyanin,
phenols, glycoalkaloids (solasodine) and amide proteins.
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glycoalkaloids (Mariola et al., 2013). Eggplant is well known
for its medicinal properties and has also been recommended
as an excellent remedy for liver complaints and diabetic
patients (Sabolu et al., 2014).
Success of any crop improvement program is mainly depen-
dent upon the information regarding nature and magnitude of
gene effects controlling economic quantitative traits. Since
yield is a complex character depending upon a number of other
characters and their interactions, knowledge about the associ-
ations of these characters with yield will greatly help a breeder
in his selection work with more precision and accuracy (Deb
and Khaleque, 2009). Though eggplant is a common crop
but as compared to other solanaceous crops such as potato,
tomato, etc., low breeding efforts have been carried out for
developing potential hybrids/hybrid and for genetic improve-
ment by exploiting local germplasm. Considering this, an
investigation was undertaken to evaluate the mode of gene
action such as additive and dominant gene effects, non-allelic
gene interaction (epistasis), heterosis and inbreeding depres-
sion for yield and its component traits by scaling test and esti-
mations of some genetic parameters in the tomato.Materials and methods
Plant materials
Crosses viz., Doli-5  GBL-1 (cross 1), Doli-5  KS-331 (cross
2), Pusa Uttam  KS-331 (cross 3) and AB 07–02  GOB 1
(cross 4) were made between six parents by manual emascula-
tion and pollen transfer. F1 plants were selfed to obtain seed
for the F2 generation and backcrossed with their respective
parents to generate B1 and B2 generations using a total of 20
pollinations per backcross. Thus, a total of 6 generations were
obtained, corresponding to the 2 parents and the F1, F2, B1
and B2 generations.Field trials
The six generations (P1, P2, F1, F2, B1 and B2) for each popu-
lation were planted during July 2011 at Main vegetable
research station, AAU, Anand (latitude/longitude 22-350
North latitude and 72-550 East longitude, elevation 45.1 m
a.s.l., yearly rainfall 877.6 mm, average yearly temperature
24 C). This location has inceptisol soils of sandy loam texture
and pH of 7.2. Four populations were planted in separate
experimental plots each in a compact family block design with
three replications. All agronomic practices and preventive
measures were taken to raise a healthy crop. Each plot had
one row each of two parents (P1 & P2) and F1, two rows of
each backcross (B1 & B2) and four rows of F2. Each row con-
sisted of 15 plants and inter and intra-row spacing was 90 and
60 cm, respectively. The number of plants evaluated varied
depending on the treatment and was larger for the segregation
generations such as the F2 (with 60 plants per repetition) and
the B1 and B2 (with 30 plants per repetition each) than for
treatments with non-segregating generations such as the P1
and P2 parents and the F1 generation (with 15 plants per rep-
etition each).Traits evaluated
Fresh and marketable fruits were collected from ten selected
plants which are phenotypically superior for evaluation of ele-
ven yield traits. The mode of inheritance for fruit yield and its
related traits of the brinjal viz., days to ﬁrst ﬂowering, days to
ﬁrst picking, plant height, primary branches per plant, sec-
ondary branches per plant, fruit length, fruit girth, fruits per
plant, pedicel length, fruit volume and fruit weight was
recorded.
Days to ﬁrst ﬂowering was recorded as number of days
from transplanting to the anthesis of ﬁrst ﬂower as well as days
to ﬁrst picking was also recorded by counting days from trans-
planting to the ﬁrst picking of fruit(s). Primary branches per
plant were recorded by counting number of branches emerged
on main stem at last picking while secondary branches per
plant were also measured by counting the number of branches
emerged from the primary branches at last picking. Likewise,
plant height was recorded measuring the distance from soil
surface to the apical tip of main stem after last picking and
expressed in centimeters. Fruit length was measured from base
to tip of the fruits whereas, fruit girth was measured in cen-
timeters in the middle region of the fruits.
The number of fruits was recorded picking wise by counting
the fruits collected from tagged plants and mean values were
obtained. Fruit yield per plant was recorded by weighing the
fruits harvested from individual tagged plants in kilograms
and the mean values were computed. The pedicel length of
fruit was measured in centimeters from the point of attach-
ment to the proximal end of the fruit and mean of ﬁve values
was recorded. Fruit volume was measured by immersing ﬁve
marketable fruits one by one from each plant in a jar ﬁlled with
water and water displaced by these fruits was measured by
graduated cylinder. Average of ﬁve fruits volume was recorded
in cubic centimeter (cc) while fruit weight of fruits harvested
from tagged plants was recorded by weighing in grams and
the mean fruit weight was computed.
Statistical analysis
The generation mean analysis of the six populations (P1, P2,
F1, F2, B1 and B2) and scaling tests (Cavalli, 1952; Mather,
1949) were performed based on the assumption that popula-
tions have non-homogenous variances (Mather and Jinks,
1971). The three-parameter model of Jinks and Jones (1958)
was used to test the adequacy of the additive-dominance model
in the absence of non-allelic gene interaction. The six-
parameter model of Hayman (1958) was used to estimate var-
ious gene effects including the non-allelic interaction.
Variance components (additive, dominance and environ-
ment) were estimated as described by Mather and Jinks
(1971). Broad and narrow-sense heritability was estimated
using method proposed by Warner (1952). The degree of dom-
inance ratio was measured using [H/D]1/2, where H is the
dominance variance and D is additive variance.
Results and discussion
The result of analysis of variance revealed signiﬁcant differ-
ences among generations for all the characters investigated
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selection for fruit yield traits in eggplant.
Gene action
Days to first flowering
Mean comparison (Table 1) among the six generations of
crosses 1, 2 and 3 showed early ﬂowering than the cross 4.
The additive-dominance model was inadequate in all four
crosses for days to ﬂowering. The results obtained from six-
parameter model revealed that earliness is a highly desirable
attribute in brinjal as the market prices are invariably high
in the season. The days to ﬁrst ﬂowering is one particular indi-
cator for earliness.
Further, signiﬁcant and negative additive gene effects indi-
cated earliness in crosses (2 & 3). This indicates that the pedi-
gree method should be followed for effective selection of
segregants. The importance of additive gene effects was
reported by Kapadia (1995) for days to ﬂowering, whereas,
only dominance (h) gene effect was found to be signiﬁcant
for all four crosses except cross 3 which was in accordance with
Shinde and Patil (1984), Patel (1994), and Jha (2003). How-
ever, the opposite signs of dominance (h) and domi-
nance  dominance (l) in cross 1 showed duplicate type of
epistasis, suggesting the selection intensity should be mild in
the earlier and intense in the later generations because it marks
the progress through selection.
Days to first picking
Pertaining to days to ﬁrst picking, mean performance of all the
six generations of cross 2 has exhibited earliness than remain-
ing crosses. Maximum number of fruits per plant was observed
in crosses 1, 2 and 4. Signiﬁcance of scaling and joint v2 tests
inferred the presence of digenic interactions for all the four
crosses. For this character, only cross 4 showed additive (d)
type of gene effect which can be improved through simple
selection. Dominant (h) gene effect was found prominent
among all crosses. Such non-additive gene actions were also
reported by Bhutani et al. (1980), and Patel (2003) for days
to ﬁrst picking. Further analysis in crosses (1 & 3) depicted
opposite signs of dominance (h) and dominance  dominance
(l) indicated duplicate type of gene interactions for this trait.
Plant height
The results of all the four crosses except cross 1 indicated inad-
equacy of three parameter model for plant height. Both the
major gene effects were found signiﬁcant under three parame-
ter model which was also supported by non-signiﬁcant value of
v2. In six parameter model, positive and signiﬁcant dominance
gene effect was observed in cross 3. Likewise, positive and sig-
niﬁcant additive  additive (i) gene effect was also observed in
same cross. In addition to this, only cross 3 manifested dupli-
cate type of epistasis. An importance of both additive and non-
additive gene effects was realized with preponderance of non-
additive gene effects; therefore, population improvement
approaches such as recurrent selection and bi-parental mating
would be more effective to accumulate desirable genes and/or
to break undesirable linkages.
The results of additive as well as dominance type of gene
effects were in congruence with Dixit et al. (1982), Vaghasiya
et al. (2000) and Rao (2003). Non-additive gene actions forplant height were also reported by Singh et al. (2002) and
Patel (2003).
Primary branches per plant
The additive  additive (i) gene effect was found signiﬁcant for
primary branches per plant under six parameter model. There-
fore, this trait can be improved through simple selection,
whereas, the opposite signs of dominance (h) and domi-
nance  dominance (l) for two crosses (3 & 4) suggest dupli-
cate type of gene interaction. Similar ﬁndings were also
reported by Kathiria et al. (1998) and Patel (2003) for primary
branches per plant.
Secondary branches per plant
The mean of secondary branches per plant was higher in F1 of
all four crosses. The dominance gene effect (h) was found sig-
niﬁcant for secondary branches per plant in cross 3 under
additive-dominance model. However, in six-parameter model,
only cross 2 showed duplicate type of gene effects. Preponder-
ance of non-additive gene effects was observed among all the
families except cross 3. Therefore, for improvement of this
trait, population improvement approaches would be beneﬁcial
and selection may be followed in later segregating generations
with dilution of dominance.Fruit length and Fruit girth
Similarly, F1s of all crosses had higher magnitudes for fruit
length as well as fruit girth. The dominance gene effect (h)
was found positive and signiﬁcant for fruit length in cross 2
under additive-dominance model. Previously, many research-
ers (Singh (1982), Singh and Singh (1985), Chaudhary and
Pathania (2001) and Jha (2003)) have also reported the domi-
nance gene action for fruit length. Estimation of gene effects
using six-parameter model revealed positive and signiﬁcant
dominance gene effect in cross 3. Further, duplicate type of
epistasis was detected in crosses 1, 3 & 4, whereas, in crosses
1 and 4 additive  additive (i) gene effects were observed sig-
niﬁcantly negative for this trait. On the other hand, non-
additive gene actions were reported by Singh et al. (1981),
Kathiria et al. (1998), Jha (2003), Patel (2003) and Aswani
and Khandelwal (2005) for fruit length.
Under three parameter model, only cross 3 showed ade-
quacy of additive-dominance model which was supported by
non-signiﬁcant value of v2 in joint scaling test. In six-
parameter model, both the major gene effects were found to
be signiﬁcant in crosses 1 & 2. In addition to this, duplicate
type of gene effects was observed in crosses 1 & 4. The impor-
tance of additive gene effects was previously reported by Singh
and Khanna (1979), Shinde and Patil (1984), Kumar and Ram
(1987), Ingale and Patil (1997) and Rao (2003) for fruit girth.
Similarly, non-additive gene actions were reported by Kapadia
(1995), Vaghasiya et al. (2000), Jha (2003), Patel (2003) and
Rao (2003) for this trait.
Fruits per plant
A simple additive-dominance model could not satisfactorily
account for the variation observed in any of the families
for fruits per plant. The six-parameter model indicated the
signiﬁcance of additive gene effect (d) for this trait in cross 3
that can be improved through simple selection procedure.
Table 1 Comparison of means (±SE) for various characters in four crosses of eggplant.
Character Populations
P1 P2 F1 F2 B1 B2 CD (0.05%)
Days to first flowering
C-I 50.80 ± 1.45 51.87 ± 1.10 51.07 ± 0.39 46.15 ± 0.64 46.60 ± 0.66 46.00 ± 0.99 2.50
C-II 48.66 ± 1.15 54.13 ± 0.95 52.80 ± 1.42 50.28 ± 0.66 50.07 ± 0.75 49.53 ± 0.79 2.55
C-III 47.07 ± 0.77 54.67 ± 1.05 53.20 ± 0.24 49.43 ± 0.69 49.13 ± 1.20 48.03 ± 0.73 2.32
C-IV 52.80 ± 1.08 49.87 ± 1.35 52.27 ± 1.95 47.60 ± 0.46 52.40 ± 0.71 49.87 ± 0.80 2.65
Days to first picking
C-I 57.33 ± 1.56 60.40 ± 0.80 59.47 ± 0.32 57.05 ± 0.57 53.00 ± 0.71 52.47 ± 0.63 4.22
C-II 54.07 ± 1.32 54.80 ± 1.21 53.47 ± 0.57 60.40 ± 0.78 58.10 ± 1.03 53.33 ± 1.37 3.61
C-III 60.00 ± 1.11 61.87 ± 1.06 61.20 ± 0.24 57.43 ± 0.69 57.13 ± 1.20 55.77 ± 0.75 3.25
C-IV 60.73 ± 0.49 56.87 ± 1.35 58.47 ± 2.13 56.52 ± 0.63 56.80 ± 0.56 55.13 ± 0.56 3.32
Plant height (cm)
C-I 69.67 ± 2.38 62.73 ± 2.70 74.73 ± 1.90 69.73 ± 1.37 70.87 ± 1.92 64.97 ± 1.07 7.30
C-II 67.00 ± 0.93 70.00 ± 1.12 60.27 ± 1.10 69.18 ± 1.29 64.43 ± 1.17 76.13 ± 2.55 5.15
C-III 60.80 ± 1.18 54.87 ± 3.49 65.27 ± 2.61 54.63 ± 1.08 59.97 ± 1.38 68.77 ± 2.22 5.50
C-IV 66.87 ± 2.37 70.60 ± 1.62 73.60 ± 2.32 68.10 ± 1.20 72.63 ± 2.23 65.90 ± 1.56 5.27
Primary branches per plant
C-I 2.20 ± 0.13 2.60 ± 0.12 2.47 ± 0.17 2.92 ± 0.07 2.70 ± 0.09 2.53 ± 0.10 0.26
C-II 2.33 ± 0.14 2.60 ± 0.19 2.80 ± 0.16 2.67 ± 0.08 2.60 ± 0.08 2.90 ± 0.14 0.23
C-III 2.53 ± 0.17 2.60 ± 0.12 2.53 ± 0.13 2.72 ± 0.10 2.47 ± 0.11 2.27 ± 0.04 0.25
C-IV 2.53 ± 0.13 2.47 ± 0.17 2.73 ± 0.12 2.72 ± 0.06 2.17 ± 0.05 2.13 ± 0.053 0.20
Secondary branches per plant
C-I 2.33 ± 0.12 2.87 ± 0.38 5.73 ± 0.22 4.95 ± 0.19 4.37 ± 0.17 4.40 ± 0.23 0.36
C-II 2.67 ± 0.14 2.53 ± 0.08 5.53 ± 0.13 5.12 ± 0.16 5.40 ± 0.13 5.53 ± 0.17 0.33
C-III 2.93 ± 0.12 3.53 ± 0.17 5.20 ± 0.20 4.10 ± 0.18 4.23 ± 0.25 4.17 ± 0.16 0.36
C-IV 4.07 ± 0.24 4.47 ± 0.40 5.00 ± 0.18 3.92 ± 0.16 4.37 ± 0.13 4.70 ± 0.36 0.38
Fruit length (cm)
C-I 12.23 ± 0.20 12.57 ± 0.44 14.27 ± 0.70 14.10 ± 0.37 12.68 ± 0.29 11.88 ± 0.16 1.55
C-II 10.53 ± 0.35 10.77 ± 0.40 13.07 ± 0.20 11.92 ± 0.18 11.43 ± 0.33 11.40 ± 0.26 1.50
C-III 10.97 ± 0.17 11.13 ± 0.44 13.07 ± 0.39 12.24 ± 0.31 12.15 ± 0.27 13.62 ± 0.69 1.56
C-IV 10.20 ± 0.36 10.07 ± 0.19 14.90 ± 0.69 13.67 ± 0.35 10.78 ± 0.30 11.43 ± 0.37 1.94
Fruit girth (cm)
C-I 9.43 ± 0.22 10.23 ± 0.28 10.63 ± 0.39 10.28 ± 0.16 10.78 ± 0.32 10.70 ± 0.17 0.79
C-II 9.53 ± 0.13 10.83 ± 0.35 11.47 ± 0.37 10.73 ± 0.20 11.47 ± 0.22 11.08 ± 0.43 1.20
C-III 10.10 ± 0.27 10.30 ± 0.42 12.10 ± 0.54 10.62 ± 0.24 10.37 ± 0.29 11.70 ± 0.39 1.41
C-IV 12.03 ± 0.16 13.03 ± 0.29 14.93 ± 0.84 12.71 ± 0.29 14.10 ± 0.19 17.18 ± 0.25 2.24
Fruits per plant
C-I 56.00 ± 1.83 58.73 ± 0.96 74.40 ± 0.86 67.30 ± 1.22 59.90 ± 1.84 61.40 ± 1.26 11.61
C-II 61.93 ± 2.54 62.53 ± 1.10 66.13 ± 0.80 61.50 ± 1.02 53.30 ± 1.63 48.80 ± 1.18 11.20
C-III 51.20 ± 0.40 45.53 ± 1.00 52.07 ± 1.45 60.82 ± 1.09 59.10 ± 1.62 59.17 ± 2.00 9.96
C-IV 50.53 ± 1.96 49.00 ± 3.09 64.93 ± 8.66 62.45 ± 1.08 55.60 ± 1.71 48.83 ± 1.77 11.32
Fruit yield per plant (kg)
C-I 5.16 ± 0.26 5.19 ± 0.16 6.28 ± 0.35 6.64 ± 0.13 5.75 ± 0.12 5.15 ± 0.15 1.10
C-II 4.97 ± 0.10 5.39 ± 0.23 6.71 ± 0.12 6.61 ± 0.07 5.90 ± 0.24 5.81 ± 0.16 1.14
C-III 3.11 ± 0.23 2.94 ± 0.07 3.53 ± 0.20 4.79 ± 0.19 4.42 ± 0.36 3.75 ± 0.30 0.86
C-IV 4.81 ± 0.15 5.55 ± 0.22 6.69 ± 0.28 6.65 ± 0.12 6.27 ± 0.19 5.19 ± 0.16 1.31
Pedicel length (cm)
C-I 3.07 ± 0.17 3.27 ± 0.06 4.17 ± 0.17 4.49 ± 0.11 4.12 ± 0.14 4.83 ± 0.16 0.64
C-II 4.00 ± 0.18 4.37 ± 0.20 5.67 ± 0.09 5.03 ± 0.10 4.33 ± 0.102 4.48 ± 0.16 0.56
C-III 4.47 ± 0.13 3.97 ± 0.19 4.83 ± 0.29 4.20 ± 0.10 4.47 ± 0.13 4.67 ± 0.10 0.53
C-IV 5.20 ± 0.20 3.67 ± 0.11 4.77 ± 0.28 5.36 ± 0.13 4.73 ± 0.20 4.10 ± 0.19 0.52
Fruit volume (cc)
C-I 9.52 ± 0.91 10.88 ± 1.50 11.15 ± 0.67 13.12 ± 1.03 13.95 ± 1.54 12.35 ± 2.81 1.28
C-II 25.80 ± 6.05 27.80 ± 1.72 52.40 ± 2.99 40.67 ± 2.65 48.00 ± 3.01 41.07 ± 4.14 5.90
C-III 32.53 ± 1.06 60.27 ± 2.31 67.33 ± 3.03 34.38 ± 1.98 39.57 ± 1.72 71.77 ± 5.03 8.17
C-IV 52.80 ± 1.58 86.80 ± 2.33 93.33 ± 2.84 97.58 ± 4.08 103.97 ± 5.75 112.40 ± 4.51 11.63
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Table 1 (continued)
Character Populations
P1 P2 F1 F2 B1 B2 CD (0.05%)
Fruit weight (g)
C-I 82.10 ± 4.53 77.85 ± 4.47 85.20 ± 5.48 103.63 ± 2.97 94.92 ± 2.92 85.15 ± 3.36 16.19
C-II 82.00 ± 2.98 88.75 ± 4.53 102.28 ± 2.10 111.33 ± 1.93 118.83 ± 5.91 115.84 ± 4.76 25.86
C-III 61.18 ± 4.79 65.74 ± 2.33 69.50 ± 4.99 87.63 ± 4.64 75.73 ± 6.03 76.07 ± 5.24 16.01
C-IV 98.17 ± 5.69 95.77 ± 4.21 107.92 ± 3.42 134.61 ± 5.23 114.20 ± 5.31 113.34 ± 6.29 22.06
C-I = Doli-5  GBL-1, C-II = Doli-5  KS-331, C-III = Pusa Uttam  KS-331, C-IV = AB 07-02  GOB 1.
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in all the four crosses. However, crosses 1 & 2 depicted oppo-
site signs of (h) and (l) type of gene effects indicating duplicate
type of epistasis. The additive gene effects were also reported
by Sidhu et al. (1980), Dixit et al. (1982), Lawande et al.
(1992) and Joshi and Chadha (1994) for fruits per plant. Like-
wise, non-additive gene actions were noticed by Kathiria et al.
(1998), Vaghasiya et al. (2000), Jha (2003), Rao (2003) and
Aswani and Khandelwal (2005) for this trait. For this trait,
importance of both additive and non-additive gene effects
was realized. Therefore, population improvement approaches
such as recurrent selection and bi-parental mating would be
more effective to accumulate desirable genes and/or to break
undesirable linkages.
Fruit yield per plant
The mean of fruit yield per plant was higher in F1 of crosses 2
and 4. Genic interactions for fruit yield per plant showed sig-
niﬁcantly negative dominance gene effect in crosses 1, 2 & 4.
On the other hand, interactions of dominance  dominance
(l) gene effects were found positive and signiﬁcant in crosses
1, 2 & 4. From the above results, fruit yield per plant exhibited
duplicate type of epistasis in all the crosses except in cross 3.
This kind of epistasis generally hinders the improvement
through selection as the presence of duplicate epistasis
decreases the variation in F2 and subsequent generations.
Therefore, the selection should be delayed until a high level
of gene ﬁxation is attained.
But major role of non-additive gene effects was reported in
most of the cases. Whereas, among the fruit yield contributing
characters like number of fruits per plant was governed by
both additive and non-additive gene effects.
Therefore, it would be difﬁcult to improve these attributes
through direct selection and it should be delayed up to reduc-
tion of dominance in later segregating generations and fol-
lowed by population improvement in early segregating
generations. These ﬁndings were in agreement with Bhutani
et al. (1980), Lawande et al. (1992), Kapadia (1995), Ingale
and Patil (1997), Vaghasiya et al. (2000), Patil et al. (2000),
Singh et al. (2002), Jha (2003) and Patil et al. (2003) for fruit
yield per plant.
Pedicel length
The additive-dominance model ﬁtted well in cross 3 for pedicel
length revealing the existence of signiﬁcant additive gene effect
(d). In six-parameter model, positive and signiﬁcant domi-
nance gene effect was observed in cross 1. Dominance  dom-inance (l) gene effect was found signiﬁcant in crosses 2 & 4.
Duplicate type of gene interaction was present in crosses 1, 2
& 4.
Fruit volume
For fruit volume, all four crosses revealed inadequacy of
additive-dominance model supported by signiﬁcant value
of v2 in joint scaling test. Under six parameter model, none
of the crosses showed additive (d) type of gene effects which
means that this trait cannot be improved by selection proce-
dure. In addition to this, cross 1 revealed duplicate type of
epistasis. All the three types of epistasis viz., (i), (j) and (l) were
found signiﬁcant in cross 1. None of the epistatic components
under six parameter model were found to be signiﬁcant in
crosses 2 & 4 inferring the presence of higher order interallelic
interactions and/or linkages. Hence, more generations need to
be generated and evaluated.
Fruit weight
The segregating generations of all four crosses showed highest
magnitudes of fruit weight. The additive-dominance model
was rejected for fruit weight. In six-parameter model, fruit
weight was controlled by dominant gene effect in cross 2
revealing the duplicate type of epistasis. However, it was neg-
ative in cross 4. The negative sign of dominance effect indicates
that alleles from males of cross 4 are recessive to alleles for
fruit weight from females. Previously non-additive gene
actions were also reported by Shinde and Patil (1984),
Lawande et al. (1992), Kapadia (1995), Ingale and Patil
(1997), Patil et al. (2000, 2003), Vaghasiya et al. (2000), Jha
(2003), Patel (2003), Rao (2003) and Aswani and
Khandelwal (2005) for fruit weight.
Duplicate epistasis
The signs of dominance (h) and dominance  dominance (l)
gene effects were opposite in the case of days to ﬁrst ﬂowering,
days to ﬁrst picking, fruit length, fruit girth, fruits per plant,
fruit yield per plant, pedicel length and fruit volume (cross
1); secondary branches per plant, fruits per plant, fruit yield
per plant, pedicel length and fruit weight (cross 2); days to ﬁrst
picking, plant height, primary branches per plant and fruit
length (cross 3); primary branches per plant, fruit length, fruit
girth, fruit yield per plant and pedicel length (cross 4) suggest-
ing duplicate type of interaction in these traits. This kind of
epistasis generally hinders the improvement through selection
and hence, a higher magnitude of dominance and (l) type of
Table 2 Estimates of gene effects (±SE of mean) for various yield traits in four crosses using Mather and Jinks (1982) six-parameter model.
Character Gene eﬀects
m d H i j l v2 Epistasis
Days to first flowering
C-I 50.73 ± 3.41** 0.53 ± 0.92 18.66 ± 8.93* 0.60 ± 3.28 2.26 ± 2.96 18.99 ± 6.16** 30.41** D
C-II 52.76 ± 3.62** 3.30 ± 0.89** 9.96 ± 9.25** 1.93 ± 3.51 7.66 ± 2.96** 9.99 ± 5.97 12.75** No epistasis
C-III 54.26 ± 4.01** 3.80 ± 069** 18.26 ± 10.52 3.39 ± 3.94 9.79 ± 3.24** 17.20 ± 6.88* 24.53** No epistasis
C-IV 37.20 ± 3.57** 1.46 ± 0.89 26.53 ± 9.10** 14.13 ± 3.46** 2.13 ± 2.86 11.46 ± 6.41 21.47** No epistasis
Days to first picking
C-I 77.73 ± 4.00** 0.06 ± 0.92 64.46 ± 10.10** 17.26 ± 3.89** 0.93 ± 3.12 46.20 ± 6.77** 50.20** D
C-II 73.16 ± 4.04** 0.36 ± 0.92 31.36 ± 10.97** 18.73 ± 3.93** 10.26 ± 3.59** 11.66 ± 7.76 49.51** No epistasis
C-III 64.86 ± 4.02** 0.93 ± 0.76 26.06 ± 10.55* 3.93 ± 3.94 4.60 ± 3.30 22.40 ± 6.90** 29.86** D
C-IV 61.00 ± 3.79** 1.93 ± 0.90* 15.39 ± 9.37 2.20 ± 3.68 0.53 ± 2.82 12.86 ± 6.38* 10.12* No epistasis
Plant height (cm)
C-I 65.61 ± 1.45** 4.04 ± 1.41** 7.22 ± 2.59** 3.38 No epistasis
C-II 69.18 ± 1.33** 11.70 ± 2.97 7.36 ± 8.23 4.39 ± 7.97 13.73 ± 3.32** 20.93 ± 13.65 23.41** No epistasis
C-III 18.90 ± 8.24* 2.96 ± 1.97 96.56 ± 21.81** 38.93 ± 8.00** 23.53 ± 7.14** 50.19 ± 14.60** 33.45** D
C-IV 64.06 ± 7.61** 1.86 ± 1.39 6.59 ± 19.86 4.66 ± 7.48 17.20 ± 6.10** 2.93 ± 13.23 12.79** No epistasis
Primary branches per plant
C-I 3.6 ± 0.55** 0.20 ± 0.11 1.60 ± 1.39 1.20 ± 0.54* 0.73 ± 0.42 0.46 ± 0.89 16.89** No epistasis
C-II 2.48 ± 0.09** 0.16 ± 0.09 0.38 ± 0.19 1.02 No epistasis
C-III 3.96 ± 0.47** 0.03 ± 0.12 3.56 ± 1.17** 1.40 ± 0.46** 0.46 ± 0.36 2.13 ± 0.75** 12.03** D
C-IV 4.76 ± 0.44** 0.03 ± 0.12 6.16 ± 1.04** 2.26 ± 0.42** 0.00 ± 0.31 4.13 ± 0.68** 38.07** D
Secondary branches per plant
C-I 4.86 ± 0.97** 0.26 ± 0.11 0.53 ± 2.47 2.26 ± 0.96* 0.46 ± 0.70 1.39 ± 1.56 15.72** No epistasis
C-II 1.19 ± 0.93 0.06 ± 0.11 11.33 ± 2.36** 1.40 ± 0.93 0.39 ± 0.66 7.0 ± 1.48** 67.91** D
C-III 3.17 ± 0.15** 0.20 ± 0.15 1.97 ± 0.27** 1.21 No epistasis
C-IV 1.79 ± 0.97 0.19 ± 0.16 5.26 ± 2.52* 2.46 ± 0.95** 0.26 ± 0.76 2.06 ± 1.63 12.11** No epistasis
Fruit length (cm)
C-I 19.66 ± 1.73** 0.16 ± 0.31 16.86 ± 4.04** 7.26 ± 1.70** 1.93 ± 1.05 11.46 ± 2.67** 25.74** D
C-II 10.59 ± 0.22** 0.06 ± 0.21 2.27 ± 0.46** 3.03 No epistasis
C-III 8.48 ± 1.56** 0.08 ± 0.24 10.45 ± 4.13* 2.56 ± 1.54 2.76 ± 1.25* 5.86 ± 2.79* 7.86* D
C-IV 20.36 ± 1.73** 0.06 ± 0.23 21.33 ± 4.42** 10.23 ± 1.71** 1.43 ± 1.26 15.86 ± 2.96** 45.76** D
Fruit girth (cm)
C-I 10.28 ± 0.17** 0.08 ± 0.35* 2.63 ± 1.09* 1.83 ± 1.00 0.48 ± 0.40 3.86 ± 1.80* 11.86** D
C-II 7.98 ± 1.36** 0.65 ± 0.28* 7.48 ± 3.75* 2.19 ± 1.33 2.06 ± 1.24 3.99 ± 2.47 9.45* No epistasis
C-III 10.05 ± 0.26** 0.27 ± 0.26 1.55 ± 0.47** 6.65 No epistasis
C-IV 0.80 ± 1.53 0.50 ± 0.40 33.50 ± 3.81** 11.73 ± 1.47*** 5.16 ± 1.19** 19.36 ± 2.60** 93.92** D
Fruits per plant
C-I 83.96 ± 8.89** 1.36 ± 1.15 57.09 ± 24.13* 26.59 ± 8.82** 0.26 ± 7.50 47.53 ± 15.92** 9.45* D
C-II 104.03 ± 7.93** 0.29 ± 1.73 132.23 ± 20.95** 41.79 ± 7.74** 9.60 ± 6.78 94.33 ± 13.55** 59.45** D
C-III 55.10 ± 6.67** 2.83 ± 1.12* 25.89 ± 18.32 6.73 ± 6.57 5.80 ± 5.82 28.93 ± 12.74* 39.84** No epistasis
C-IV 71.09 ± 9.03** 0.76 ± 1.32 38.23 ± 24.25 21.33 ± 8.93* 0.46 ± 7.56 32.06 ± 15.71* 8.33* No epistasis
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Fruit yield per plant (kg)
C-I 9.94 ± 0.84** 0.01 ± 0.20 9.55 ± 2.27** 4.76 ± 0.81** 1.22 ± 0.75 5.88 ± 1.56** 46.59** D
C-II 8.22 ± 0.87** 0.21 ± 0.18 4.93 ± 2.38* 3.03 ± 0.85** 0.59 ± 0.79 3.42 ± 1.54* 20.96** D
C-III 5.84 ± 1.22** 0.08 ± 0.14 1.89 ± 3.05 2.81 ± 1.21* 1.17 ± 0.85 0.41 ± 1.92 36.09** No epistasis
C-IV 8.83 ± 0.89** 0.37 ± 0.15* 6.61 ± 2.45** 3.66 ± 0.88** 2.89 ± 0.77** 4.46 ± 1.70** 43.59** D
Pedicel length (cm)
C-I 3.23 ± 0.78** 0.09 ± 0.10 4.10 ± 2.03* 0.06 ± 0.78 1.23 ± 0.59* 3.16 ± 1.29* 41.99** D
C-II 6.65 ± 0.61** 0.18 ± 0.17 5.53 ± 1.61** 2.47 ± 0.59** 0.07 ± 0.54 4.54 ± 1.08** 19.60** D
C-III 4.81 ± 0.12** 0.25 ± 0.11* 0.45 ± 0.26 2.46 No epistasis
C-IV 8.20 ± 0.80** 0.76 ± 0.17** 7.93 ± 2.04** 3.76 ± 0.78** 0.26 ± 0.62 4.50 ± 1.36** 26.17** D
Fruit volume (cc)
C-I 25.66 ± 9.83** 1.4 ± 1.45 166.99 ± 27.91** 53.8 ± 9.73** 22.73 ± 9.19* 120.53 ± 18.32** 51.11** D
C-II 36.19 ± 10.71** 0.99 ± 1.55 20.60 ± 27.99 9.39 ± 10.59 1.73 ± 8.41 16.06 ± 18.26 15.01** No epistasis
C-III 71.43 ± 9.78** 2.10 ± 1.77 69.36 ± 22.72** 32.80 ± 9.62** 0.26 ± 5.91 48.0 ± 13.92 12.74** No epistasis
C-IV 88.03 ± 24.19** 3.50 ± 2.54 11.83 ± 61.22 22.19 ± 24.06 22.99 ± 17.0 4.0 ± 40.27 11.20** No epistasis
Fruit weight (g)
C-I 134.35 ± 18.62** 2.12 ± 2.59 73.75 ± 49.09 54.38 ± 18.44** 15.29 ± 14.84 24.60 ± 32.19 28.43** No epistasis
C-II 61.35 ± 22.11** 3.37 ± 4.31 158.98 ± 62.89* 24.02 ± 21.68 12.73 ± 21.30 118.06 ± 41.44** 31.92** D
C-III 110.38 ± 23.66** 2.27 ± 3.29 50.13 ± 59.66 46.92 ± 23.43* 3.88 ± 17.05 9.25 ± 38.06 15.89** No epistasis
C-IV 180.30 ± 21.51** 1.20 ± 3.53 110.42 ± 55.18* 83.34 ± 21.22** 0.66 ± 16.38 38.04 ± 36.19 39.22** No epistasis
C-I = Doli-5  GBL-1, C-II = Doli-5  KS-331, C-III = Pusa Uttam  KS-331, C-IV = AB 07-02  GOB 1.
*, ** Signiﬁcant at 0.05 and 0.01 levels of probability, respectively.
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Table 3 Different components of genetic variances, degree of dominance and heritability estimates of various traits studied in four
crosses.
Character Additive
variance (D)
Dominance
variance (H)
Environmental
variance (E)
Degree of dominance
(
p
H/
p
D)
Broad sense
heritability (h2b)
Narrow sense
heritability (h2n)
Days to first flowering
C-I 1.91 1.73 4.55 0.95 44.38 23.32
C-II 5.79 4.67 7.83 0.89 12.43 64.69
C-III 0.46 7.86 2.30 2.72 76.28 4.74
C-IV 2.87 1.56 8.77 2.10 102.24 66.12
Days to first picking
C-I 4.24 1.67 4.15 0.62 38.28 63.10
C-II 15.23 27.37 4.87 3.48 71.33 89.60
C-III 0.80 7.38 3.12 2.56 67.82 8.30
C-IV 9.81 15.70 13.99 1.26 72.50 121.03
Plant height (cm)
C-I 26.67 42.00 52.87 1.25 40.81 71.02
C-II 13.46 41.64 5.37 5.38 83.97 40.10
C-III 21.30 10.99 34.05 3.21 43.43 89.72
C-IV 16.69 21.70 23.83 2.23 17.34 57.90
Primary branches per plant
C-I 0.49 0.36 0.24 0.85 34.35 132.16
C-II 0.16 0.52 0.56 1.80 175.61 78.04
C-III 0.27 0.20 0.23 0.86 24.19 87.74
C-IV 0.17 0.21 0.29 1.11 15.29 67.84
Secondary branches per plant
C-I 0.64 0.23 0.33 0.59 54.72 86.48
C-II 0.54 0.10 0.08 0.43 84.61 103.84
C-III 0.37 0.13 0.15 0.59 76.51 56.06
C-IV 0.46 0.61 0.36 0.38 30.28 88.46
Fruit length (cm)
C-I 3.02 2.31 1.38 0.87 34.08 143.69
C-II 0.48 0.77 0.37 0.53 42.59 74.20
C-III 1.66 2.97 0.65 1.14 66.61 84.69
C-IV 2.31 3.50 1.32 1.09 47.15 92.31
Fruit girth (cm)
C-I 0.10 0.03 0.46 0.54 14.03 19.58
C-II 0.73 1.03 0.52 0.54 35.97 89.02
C-III 0.007 0.19 1.01 5.20 16.35 0.57
C-IV 2.35 2.59 1.93 1.04 13.98 138.99
Fruits per plant
C-I 40.79 10.03 35.51 0.49 58.86 47.25
C-II 1.01 8.59 11.23 2.91 46.09 4.86
C-III 23.75 41.86 6.77 4.25 72.76 95.48
C-IV 31.56 48.95 5.95 4.17 74.48 135.16
Fruit yield per plant (kg)
C-I 5.05 2.76 0.43 0.73 84.08 185.80
C-II 4.25 4.98 3.28 1.08 28.78 166.66
C-III 1.49 0.20 0.17 0.36 90.68 79.67
C-IV 5.07 2.51 0.29 0.70 89.71 177.89
Pedicel length (cm)
C-I 0.03 0.12 0.11 2.00 55.92 12.44
C-II 0.07 0.03 0.11 0.65 48.13 33.33
C-III 0.15 0.22 0.28 1.21 31.13 69.54
C-IV 0.07 0.01 0.26 0.37 24.07 21.42
Fruit volume (cc)
C-I 18.85 9.15 0.22 0.69 97.76 190.02
C-II 17.81 50.83 71.93 1.68 48.82 12.66
C-III 15.65 118.25 31.06 10.12 76.75 11.70
C-IV 132.19 171.41 30.14 2.30 90.96 39.60
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Table 3 (continued)
Character Additive
variance (D)
Dominance
variance (H)
Environmental
variance (E)
Degree of dominance
(
p
H/
p
D)
Broad sense
heritability (h2b)
Narrow sense
heritability (h2n)
Fruit weight (g)
C-I 155.74 104.28 125.82 0.81 29.03 87.84
C-II 1095.43 307.39 47.91 0.52 94.26 131.04
C-III 223.23 109.93 97.81 0.70 77.30 51.79
C-IV 1439.97 472.63 92.11 0.57 91.30 135.91
C-I = Doli-5  GBL-1, C-II = Doli-5  KS-331, C-III = Pusa Uttam  KS-331, C-IV = AB 07-02  GOB 1.
Heritability and gene effects for quantitative traits 245interaction effects would not be expected. Since none of signs
of (h) were similar to the (l) type of epistasis, it was concluded
that no complementary type of interaction was present in the
genetic control of the studied traits (Table 2).
Positive or negative sign of additive  additive (i) interac-
tion shows association and dispersion of alleles in parents,
respectively. Therefore, negatively signiﬁcant values of (aa)
in this study showed alleles dispersion in parents for days to
ﬁrst picking (crosses 1 & 2), primary branches per plant
(crosses 1, 2 & 4), secondary branches per plant (cross 1), fruit
length (crosses 1 & 4), fruits per plant (crosses 1, 2 & 4), all
four crosses of fruit yield per plant, pedicel length (crosses 2
& 4), fruit volume (cross 3) and fruit weight (crosses 1, 3 & 4).
Variance components and heritability estimates
Variance component estimates are presented in Table 3 and
varied considerably across crosses. Large variations were
observed for both components with r2A ranging from 31.56
to 1439.97 and r2D from 472.63 to 171.41. The additive
genetic variance estimates for days to ﬁrst ﬂowering were pos-
itive, while its dominance variance estimates were negative.
The additive and dominance variance differed greatly from
cross to cross. Conversely, the magnitude of dominant vari-
ance is less than the additive variance for all reviewed traits
so breeding methods based on backcross/SSD/pedigree selec-
tion should be used for the above traits. The results of the esti-
mates for the variance model, broad and narrow sense
heritability values and the degree of dominance ratio are pre-
sented in Table 3.
The average dominance ratio was more than unity for days
to ﬁrst ﬂowering (cross 3 and 4), for days to ﬁrst picking, fruits
per plant and fruit volume (crosses 2, 3 and 4), for plant height
(in all four crosses), for primary branches per plant (cross 2
and 4) for fruit length and fruit girth (cross 3 and 4), for fruit
yield per plant (cross 2) and for pedicel length (cross 1 and 3)
which showed the importance of the dominance gene effects
that is in agreement with low narrow sense heritability for
these traits.
Heritability (degree of genetic determination) is an expres-
sion of the extent to which the genotype of an individual deter-
mines its phenotype. Heritability in broad-sense reﬂects all
possible genetic contributions to a population’s phenotypic
variance, and it includes gene effects due to allelic variation
(additive variance), dominance variation or which act epistat-
ically (Vengadessan, 2008). Narrow sense heritability is
expression of the reliability with which phenotypic valueguides to the breeding value. Moreover, it is the breeder’s best
estimate of breeding value as represents the portion of pheno-
typic variation due to additive effects. Narrow-sense heritabil-
ity estimates are based on additive genetic variance (ﬁxable
component) and are better predictors of the effectiveness of
selection in genetically heterogeneous population than broad-
sense heritability (Robinson et al., 1949). During present
study, most of the crosses for all the yield traits showed low
magnitude of dominance and environmental variances, reveal-
ing higher estimates of broad and narrow-sense heritabilities.
Considerable differences were observed between broad-
sense and narrow-sense heritabilities in all crosses. Broad-
sense heritabilities were relatively high for all traits and ranged
from 12.43 to 97.76 depending on the trait and cross combina-
tion. The additive component contributed a large proportion
of the variation for fruit yield per plant and fruit weight.
Moderate heritability was observed for fruit weight in cross
3. The heritability for primary branches per plant was high
in all crosses except the cross 1. The remaining traits had mod-
erate to low heritability estimates. The low narrow sense heri-
tability in present study might be due to large epistatic effects
which were also supported by Hakizimana et al. (2004).
Estimates of narrow sense heritability indicated that addi-
tive effects were primarily responsible for the genetic variation
in these hybrids. In the improvement of self-pollinated plants
such as eggplant, additive variation (ﬁxable) is of great impor-
tance and makes it possible to successfully select better individ-
uals in segregating populations, since the selective gains will
depend only on gametic variation (Warner, 1952). For this rea-
son, backcross, pedigree, single-seed descent or gametic selec-
tion methods are recommended for advancing the
segregating populations (Bernado, 2003).
Conclusion
The results showed that as a consequence of higher magnitude
of interactions, the non-ﬁxable gene effects were higher than
the ﬁxable. Further, duplicate type of epistasis was also found
in majority of traits in one or the other cross combinations. In
such crosses, the selection intensity should be mild in the ear-
lier and intense in the later generations because it marks the
progress through selection. Therefore, methods which exploit
non-additive gene effect and take care of non-allelic interac-
tions such as restricted recurrent selection by the way of inter-
mating among desirable segregates, followed by selection or
diallel selective mating or multiple crosses or biparental mating
in early segregating generations could be promising for genetic
246 C. Mistry et al.improvement of fruit yield traits. In addition, few cycles of
recurrent selection, followed by pedigree method may also be
useful for the effective utilization of all three types of gene
effects simultaneously. It will lead toward an increased vari-
ability in later generations for effective selection by maintain-
ing considerable heterozygosity through mating of selected
plants in early segregating generations.
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